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9. A method according to claim 8 wherein said nucleic acid encodes a dihydroorotase 
as defined in claim 4 , or a homologue, an orthologue or a paralogue thereof. 
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Detail Description Paragraph : 

[0077] The next class of M.sub.l functionality which was explored was the boronic 
acid group. This functional group is an intriguing candidate for M.sub.l for a 
number of reasons: 1) It can exist in a non-ionic state so that it should not 
prevent passive absorption of non-peptide inhibitors across cell membranes. 2) The 
planar, trigonal, boron acids might form reversible tetrahedral covalent borate 
complexes (a well known property of boronic acids, see Loomis & Durst, 1992) 
through their vacant 2p orbitals with anions present in the protein kinase active 
site, such as the catalytic Asp carboxyl group, or the ATP/ADP terminal phosphate 
oxygens. This ability to form borate complexes with active site nucleophiles has 
been extensively utilized to develop slow binding inhibitors of serine proteases 

(e.g. see Kettner & Shenvi, 1984) , wherein the nucleophilic serine OH forms a 
covalent bond with the vacant 2p orbital in the boronic acid resulting in a 
tetrahedral borate complex (e.g. see Skordalakes et al . , 1997). Also, an 
intramolecular complex of a boronic acid with a urea NH.sub.2 was used to prepare 
transition state analogs inhibitors of dihydroorotase (Kinder et al . , 1990) . 3) 
Boronic acids act as Lewis acids and are converted to tetrahedral hydrates in water 
by forming borate complexes with water or hydroxide ions. Therefore, it is also 
possible that these boronic acid hydrates may function as phosphate mimics and 
M.sub.l modules as proposed in FIG. 2. This hydration property was utilized by 
Baggio et al. (1997) wherein a hydrated boronic acid functioned as a transition 
state analog inhibitor functionality for arginase. These researchers evaluated the 
inhibited complex by x-ray and showed that the hydrated boronic acid functionality 
formed two hydrogen bonds with the active site catalytic Glu-277 carboxyl side 
chain and one of the other hydrated boronic acid OH's interacted with two catalytic 
Mn.sup.2+»s in the active site. These binding interactions are closely analogous to 
those proposed in protein kinase active sites, i.e. H-bonds to the catalytic Asp 
side chain carboxyl group and interactions with the active site Mg.sup.2+'s (see 
FIGS. 2 and 4). The use of boronic acids for protein kinase inhibitors has not been 
explored previously. 
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AB The present invention is directed generally to activating gene expression 
or causing over -express ion of a gene by recombination methods in situ. 
The invention also is directed generally to methods for expressing an 
endogenous gene in a cell at levels higher than those normally found in 
the cell. In one embodiment of the invention, expression of an endogenous 
gene is activated or increased following integration into the cell, by 
non- homologous or illegitimate recombination, of a regulatory sequence 
that activates expression of the gene. In another embodiment, the 
expression of the endogenous gene may be further increased by 
co- integration of one or more amplifiable markers, and selecting for 
increased copies of the one or more amplifiable markers located on the 
integrated vector. In another embodiment, the invention is directed to 
activation of endogenous genes by non-targeted integration of specialized 
activation vectors, which are provided by the invention, into the genome 
of a host cell. The invention also provides methods for the 
identification, activation, isolation, and/or expression of genes 
undiscoverable by current methods since no target sequence is necessary 
for integration. The invention also provides methods for isolation of 
nucleic acid mols. (particularly cDNA mols.) encoding a variety of 
proteins, including transmembrane proteins, and for isolation of cells 
expressing such transmembrane proteins which may be heterologous 
transmembrane proteins. The invention also is directed to isolated genes, 
gene products, nucleic acid mols., to compns. comprising such genes, gene 
products and nucleic acid mols., and to vectors and host cells comprising 
such genes and nucleic acid mols., that may be used in a variety of 
therapeutic and diagnostic applications. Thus, by the present invention, 
endogenous genes, including those assocd. with human disease and 
development, may be activated and isolated without prior knowledge of the 
sequence, structure, function, or expression profile of the genes. 
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The complete genome sequence of the gram-positive 
bacterium Bacillus subtilis 

Kunst, F.; Ogasawara, N.; Moszer, I.; Albertini, A. 
M . ; Alloni, G.; Azevedo, V.; Bertero, M. G.; 
Bessieres, P.; Bolotin, A.; Borchert, S.; Borriss, R.; 
Boursier, L.; Brans, A.; Braun, M. ; Brignell, S. C; 
Bron, S.; Brouillet, S.; Bruschi, C. V.; Caldwell, B.; 
Capuano, V.; Carter, N. M. ; Choi, S.-K.; Codani, 
J. -J.; Connerton, I. F. ; Cummings, N. J.; Daniel, R. 



A.; Denizot, F.; Devine, K. M. ; Dusterhoft, A.; 
Ehrlich, S. D. ; Emmerson, P. T.; Entian, K. D.; 
Errington, J.; Fabret, C; Ferrari, E.; Foulger, D.; 
Fritz, C; Fujita, M.; Fujita, Y. ; Fuma, S . ; Galizzi, 
A.; Galleron, N. ; Ghim, S.-Y.; Glaser, P.; Goffeau, 

A. ; Golightly, E. J.; Grandi , G.; Guiseppi, G. ; Guy, 

B. J.; Haga, K.; et al. 

CORPORATE SOURCE: Unite de Biochemie Microbienne, Inst. Pasteur, Paris, 

75724, Fr. 

SOURCE: Nature (London) (1997), 390(6657), 249-256 

CODEN: NATUAS; ISSN: 0028-0836 
PUBLISHER: Macmillan Magazines 

DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

AB Bacillus subtilis is the best-characterized member of the gram-pos . 
bacteria. Its genome of 4,214,810 base pairs comprises 4100 
protein-coding genes. Of these protein-coding genes, 53% are represented 
once, while a quarter of the genome corresponds to several gene families 
that have been greatly expanded by gene duplication, the largest family 
contg. 77 putative ATP-binding transport proteins. In addn., a large 
proportion of the genetic capacity is devoted to the utilization of a 
variety of carbon sources, including many plant-derived mols. 
The identification of 5 signal peptidase genes, as well as several genes 
for components of the secretion app., is important given the capacity of 
Bacillus strains to secrete large amts . of industrially important enzymes. 
Many of the genes are involved in the synthesis of secondary metabolites, 
including antibiotics, that are more typically assocd. with Streptomyces 
species. The genome contains .gtoreq.10 prophages or remnants of 
prophages, indicating that bacteriophage infection has played an important 
evolutionary role in horizontal gene transfer, in particular in the 
propagation of bacterial pathogenesis. 

REFERENCE COUNT: 49 THERE ARE 49 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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New DNA encoding plant dihydroorotase, 

for producing herbicide-resistant plants and for 
screening for compounds that can inhibit 
dihydroorotase and that can be used as herbicides; 
tobacco and Arabidopsis thaliana transgenic 
plant construction 
Ehrhardt T; Lerchl J; Stitt N M; Zrenner R; Schroeder M 
BASF 

Ludwigshaf en, Germany. 
WO 2001018190 15 Mar 2001 
WO 2000-EP8581 2 Sep 2000 
DE 1999-1042742 7 Sep 1999 
Patent 
German 

WPI: 2001-235198 [24] 
A DNA sequence (I) containing the coding region for a plant 
dihydroorotase (DHO, EC-3.5.2.3) with a DNA sequence (SI) of 
1,271 bp is claimed. Also claimed are: a DNA sequence that hybridizes to 
(SI) and encodes a protein with DHO activity; a protein containing 100 
amino acids from a 346 residue protein sequence; identifying substances 
that inhibit activity of DHO or act as herbicides by inhibition of DHO; 
and a test system based on expression of (SI) for identifying herbicidal 
inhibitors of DHA. In an example, a cDNA bank from potato was 
constructed in plasmid pBS-SK and tested in for complementation of the 
defect in Escherichia coli CGSC5152 which lacks the DHO gene. The 
longest clone was sequenced (SI) which included a 1,049 bp open reading 
frame that encodes DHO. The gene was expressed in vector/host system as 
a fusion protein or introduced into plant transformation 
vectors. A sequence of 1,962 bp was isolated from tobacco 
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(Nicotiana tabacum) cDNA bank by using a DNA probes encoding DHO in 
Arabidopsis thaliana. The above can be used to produce DHO and to produce 
plants with increased resistance to DHO- inactivating herbicides. 
(3 8pp) 

=> d his 

(FILE 1 HOME 1 ENTERED AT 11:24:00 ON 16 FEB 2005) 

FILE 1 MEDLINE, HCAPLUS , BIOSIS, BIOTECHDS , SCISEARCH, EMBASE ' ENTERED AT 

11:25:02 ON 16 FEB 2005 
LI 273 S INHIBITOR? AND DIHYDROOROTASE 

L2 146 DUP REM LI (127 DUPLICATES REMOVED) 

L3 3 S L2 AND (PLANT? OR SOLANUM OR ARBIDOPSIS OR TOBACCO OR WHEAT) 

=> s 12 and 1980-1999/py 

4 FILES SEARCHED . . . 
L4 78 L2 AND 1980-1999/PY 

=> focus 14 

PROCESSING COMPLETED FOR L4 
L5 7 8 FOCUS L4 1- 

=> d 15 1-10 ibib ab 

L5 ANSWER 1 OF 78 HCAPLUS COPYRIGHT 2 005 ACS on STN 
ACCESSION NUMBER: 1994:557742 HCAPLUS 

DOCUMENT NUMBER: 121:157742 

TITLE: Synthesis of a phosphinic acid transition state analog 

inhibitor of dihydroorotase 
AUTHOR (S) : Cao, Yu; Chris topherson, Richard I.; Elix, John A.; 

Gaul, Kim L. 

CORPORATE SOURCE: Chem. Dep., Aust. Natl. Univ., Canberra, 0200, 

Australia 

SOURCE: Australian Journal of Chemistry (1994), 

47(5), 903-11 

CODEN: AJCHAS; ISSN: 0004-9425 
DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

OTHER SOURCE (S): CASREACT 121:157742 

AB The synthesis of the phosphinic acid 4 -hydroxy-6-oxo-l , 4 -azaphosphinane-2 - 
carboxylic acid 4-oxide (11, shown as I) is described. The phosphinic 
acid I was designed as a transition state analog inhibitor of 
dihydroorotase. Thus, treating Me02CCH2P (OEt) 2 with BzOH and then 
with CF3CONHC( :CH2)C02Me gave 74% Me02CCH2P(0) (OEt) CH2CH (C02Me) NHC0CF3 , 
which when treated with coned. HC1 gave 77% H02CCH2P(0) (OH) CH2CH (NH2 ) C02H . 
Cyclization of the latter compd. with EDC gave 21% I. 
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ACCESSION NUMBER: 1993:113643 HCAPLUS 

DOCUMENT NUMBER: 118:113643 

TITLE: A crystallographic and molecular mechanics study of 

inhibitors of dihydroorotase 
AUTHOR (S) : Hambley, Trevor W.; Phillips, Leonidas; Poiner, 

Anthony C; Chris topherson, Richard I. 
CORPORATE SOURCE: Dep. Inorg . Chem., Univ. Sydney, 2006, Australia 

SOURCE: Acta Crystal lographica, Section B: Structural Science 

(1993) , B49(l) , 130-6 

CODEN: AS B SDK; ISSN: 0108-7681 
DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

AB Me L-dihydroorotate is orthorhombic , space group P212121, with a 6.941(2), 
b 9.708(2), c 23.329(5) .ANG. , Z = 8 , dc = 1.455, T = 294 K, final R = 
0.036 for 793 reflections. Me L-6-thiodihydroorotate is monoclinic, space 



group P21, with a 6.235(2), b 20.821(4), c 6.882(1) .ANG . , .beta. 

110. 82 (2) .degree. , Z = 4 , dc = 1.497, 392, T = 294 K, final R = 0.037 for 

1404 reflections. Di-Me trans -2 -oxohexahydropyrimidine-4 , 6-dicarboxylate 

is triclinic, space group P.hivin.l, with a 7.3977(5), b 8.4149(8), c 

9.314(1) .ANG., .alpha. 74.65(1), .beta. 68.08(1), .gamma. 

98.77(1) .degree. , Z = 2, dc = 1.428, 294 K, final R = 0.040 for 1468 

reflections . Di-Me 2-oxo-l, 2 , 3 , 6-tetrahydropyrimidine-4 , 6-dicarboxylate 

is triclinic, space group P.hivin.l, with a 7.481(3), b 8.344(3), c 

9.042(5) .ANG. , .alpha. 95.05(3), .beta. 111.02(3), .gamma. 

108.31 (3) .degree. , Z = 2, dc = 1.460, T = 294 K, final R = 0.040 for 1253 

reflections. The 3-dimensional structures of the Me esters of 

dihydroorotate and 3 potential inhibitors of the enzyme, 

dihydroorotase, were detd. At. coordinates are given. 

Correlations between the structures of these compds . and their 

inhibitory activities are discussed. It is postulated that for 

strong binding to dihydroorotase to occur, a pyrimidine ring 

with 3 groups capable of forming strong interactions is required; 2 of 

these groups must be coplanar with the ring or equatorially disposed, and 

the 3rd group must be axially disposed. Mol. mechanics modeling was used 

to study the conformational isomerism of the compds. and the role it plays 

in detg. binding and consequent inhibition of dihydroorotase. 
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Preparation and testing of 2 -oxo-4-carboxypyrimidines 
as neoplasm inhibitors and antimalarials 
Schmalzl, Karl John; Sharma, Suresh Chandra; 
Christopherson, Richard Ian 

University of Melbourne, Australia; University of 
Sydney 

Eur. Pat. Appl., 12 pp. 

CODEN : EPXXDW 

Patent 

English 
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MARPAT 109:6545 

AB The title compds. [I; Rl, R2 = OH, peptide residue, alkoxy, alkoxymethyl , 
amino, any group able to be hydrolyzed in vivo to OH; R3, R4 = H, alkyl, 
hydroxyalkyl , tetrahydrof uranyl , tetrahydropyranyl , (acetylated) sugar 
residue, any group hydrolyzable in vitro to H; R5 = H, halo, alkyl; R6 = 
alkyl, l-methyl-4-nitroimidazol-5-yl; A = H, B = COR2; AB = S] were prepd. 
as inhibitors of dihydroorotase. Di-Me 

2 -hydroxypyrimidine -4, 6-dicarboxylate (prepn. given) was reduced with 
Zn/HOAc to give 28% di-Me 2 -oxo-1 , 2 , 3 , 6-tetrahydropyrimidine-4 , 6- 
dicarboxylate, which was refluxed 30 min in 1M NaOH to give 50% 
2-oxo-l,2, 3, 6-tetrahydropyrimidine-4, 6-dicarboxylic acid (HDDP) . HDDP 
bound dihydroorotase with a Ki of 0.48 .mu.m. 
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113:19878 

Pyrimidine biosynthesis in parasitic protozoa: 
purification of a monof unctional 
dihydroorotase from Plasmodium berghei and 
Crithidia fasciculata 

Krungkrai, Jerapan; Cerami, Anthony; Henderson, Graeme 
B. 

Lab. Med. Biochem. , Rockefeller Univ., New York, NY, 
10021, USA 

Biochemistry (1990), 29(26), 6270-5 
CODEN: BICHAW; ISSN: 0006-2960 
Journal 
English 

Dihydroorotase (DHOase) was purified from 2 parasitic protozoa, 
C. fasciculata (. apprx. 16, 000-fold) and P. berghei ( .apprx. 790-fold) . The 
C. fasciculata enzyme had a native mol . wt . (Mr) of 42,000, detd. by gel 
filtration chromatog., and showed a single detectable protein band on 
SDS-PAGE with a Mr of 44,000. The DHOase from P. berghei had a native Mr 
of 40,000 and a subunit Mr on SDS-PAGE of 38,000. The DHOase from both 
parasites, in contrast to the mammalian enzyme which residues on a 
trifunctional protein of the 1st 2 enzymes of the pyrimidine biosynthesis 
pathway, carbamoylphosphate synthase and aspartate transcarbamylase, is a 
monomeric enzyme and has no oligomeric structure as studied by chem. 
crosslinking with di-Me suberimidate . The rate of cyclization of 
N-carbamoyl-L-aspartate (L-CA) by the C. fasciculata enzyme was relatively 
high at acidic pH, decreasing to a very low rate at alk. pH. In contrast, 
the rate of ring cleavage of L-5 , 6-dihydroorotate (L-DHO) was very low at 
acidic pH and increased to higher rate at alk. pH. These pH-activity 
profiles gave an intersection at pH 6.6. The Km and kcat for L-CA were 
0.846 mM and 39.2 min-1, resp.; for L-DHO, they were 25.85 .mu.M and 258.6 
min-1. The cryoprotectant DMSO used as stabilizing agent in the complete 
purifn. and storage, markedly affected the DHOase activity. DMSO 
increased the catalytic efficiency of the enzyme, as measured by kcat/Km, 
in the ring cyclization reaction but had no effect on the ring cleavage 
reaction. In spite of their marked phys. differences, kinetic and 
inhibitor studies with 5-substituted derivs . of orotic acid 
suggest that the protozoan, mammalian, and prokaryotic enzymes have a 
common catalytic mechanism. 
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Mercaptan and dicarboxylate inhibitors of hamster 
dihydroorotase . 

Christopherson R I; Schmalzl K J; Szabados E; Goodridge R 
J; Harsanyi M C; Sant M E; Algar E M; Anderson J E; 
Armstrong A; Sharma S C; + 

Department of Biochemistry, University of Sydney, New South 
Wales, Australia. 

Biochemistry, (1989 Jan 24) 28 (2) 463-70. 
Journal code: 0370623. ISSN: 0006-2960. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
198906 

Entered STN: 19900306 
Last Updated on STN: 20000303 
Entered Medline: 19890622 
In mammals, dihydroorotase is part of a trifunctional protein, 
dihydroorotate synthetase, which catalyzes the first three reactions of de 
novo pyrimidine biosynthesis. Dihydroorotase catalyzes the 
formation of a peptide- like bond between the terminal ureido nitrogen and 
the beta-carboxyl group of N-carbamyl-L-aspartate to yield heterocyclic 
L-dihydroorotate . A variety of evidence suggests that 



AUTHOR : 
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AB 



dihydroorotase may have a catalytic mechanism similar to that of a 
zinc protease [Christopherson, R. I., & Jones, M. E. (1980) J. Biol. 
Chem. 255, 3358-3370] . Tight-binding inhibitors of the zinc 
proteases, carboxypeptidase A, thermolysin, and angiotensin-converting 
enzyme have been synthesized that combine structural features of the 
substrates with a thiol or carboxyl group in an appropriate position to 
coordinate a zinc atom bound at the catalytic site. We have synthesized 
(4R) -2-oxo-6-thioxohexahydropyrimidine-4-carboxylate (L-6- 
thiodihydroorotate) and have found that this analogue is a potent 
competitive inhibitor of dihydroorotase with a 

dissociation constant (Ki) in the presence of excess Zn2+ ion of 0.17 +/- 
0.02 microM at pH 7.4. The potency of inhibition by L-6- 

thiodihydroorotate in the presence of divalent metal ions decreases in the 

order Zn2+ greater than Ca2+ greater than Co2+ greater than Mn2+ greater 

than Ni2+; L-6-thiodihydroorotate alone is less inhibitory and 

has a Ki of 0.85 +/- 0.14 microM. 6-Thioorotate has a Ki of 82 +/- 8 

microM which decreases to 3.8 +/- 1.4 microM in the presence of Zn2+. 

Zn2+ alone is a moderate inhibitor of dihydroorotase 

and does not enhance the potency of other inhibitors. (ABSTRACT 

TRUNCATED AT 250 WORDS) 
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Design and synthesis of tetrahedral intermediate analogues 
as potential dihydroorotase inhibitors. 
Levenson C H; Meyer R B Jr 
CA 30157 (NCI) 



GM 29291 (NIGMS) 

SOURCE: Journal of medicinal chemistry, (1984 Feb) 27 (2) 

228-32. 

Journal code: 9716531. ISSN: 0022-2623. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
198403 

Entered STN: 19900319 
Last Updated on STN: 19970203 
Entered Medline: 19840323 
Three new heterocyclic analogues (4-6) of dihydroorotic acid were 
designed, synthesized, and tested as inhibitors of 

dihydroorotase. Each compound possessed a tetrahedral sulfur atom 
at the position equivalent to carbon 4 in the dihydroorotate ring in an 
attempt to mimic the presumed tetrahedral transition state in the course 
of the enzymatic reaction. Additionally, N-carbamyl-3 -phosphonoalanine 
was prepared and evaluated as a dihydroorotase inhibitor 

Compounds 4 and 6 were modest inhibitors (ISO's of 0.52 and 
0.18 mM, respectively), but the other candidate inhibitors 
showed little inhibition at 1 mM. 
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Cytotoxic effects of dihydroorotase 
inhibitors upon human CCRF-CEM leukemia. 

Brooke J; Szabados E; Lyons S D; Goodridge R J; Harsanyi M 
C; Poiner A; Christopherson R I 

Department of Biochemistry, University of Sydney, New South 
Wales, Australia. 

Cancer research, (1990 Dec 15) 50 (24) 7793-8. 
Journal code: 2984705R. ISSN: 0008-5472. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 



FILE SEGMENT: Priority Journals 
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Last Updated on STN: 19950206 
Entered Medline: 19910123 

AB 6-L-Thiodihydroorotate (TDHO) and 2 -oxo-1 , 2 , 3 , 6-tetrahydropyrimidine-4 , 6- 
dicarboxylate (HDDP) are potent inhibitors of mammalian 
dihydroorotase in vitro (R. I. Christopher son, K. J. Schmalzl, 
E. Szabados, R. J. Goodridge, M. C. Harsanyi, M. E. Sant, E. M. 
Algar, J. E. Anderson, A. Armstrong, S. C. Sharma, W. A. Bubb, and 
S. D. Lyons, Biochemistry, 28: 463-470, 1989). Using human CCRF-CEM 
leukemia cells growing in culture, TDHO and HDDP as the free acids have 
50% inhibitory concentration (IC50) values of 32 microM and 
greater than 1000 microM, respectively, whereas for TDHO methyl ester, the 
IC50 value is 25 microM, and for HDDP dimethyl ester, the IC50 value is 21 
microM. These IC50 values were not affected by addition of 
dihydroorotate, uridine, or deoxycytidine to the culture medium. TDHO 
methyl ester (25 microM) had only slight inhibitory effects upon 
the dihydroorotase reaction of de novo pyrimidine biosynthesis 
in growing leukemia cells, cells arrested in G2 + M phases of the cell 
cycle. At 250 microM TDHO methyl ester, analysis of cell extracts by 
high-performance liquid chromatography showed that after 4 h carbamyl 
aspartate had accumulated from undetectable levels to 760 microM, whereas 
UTP decreased from 580 to 110 microM and CTP from 350 to 86 microM, 
indicating inhibition of dihydroorotase in growing leukemia 
cells. IMP accumulated from 63 to 350 microM, total guanylates increased 
while adenylates decreased, and the adenylate energy charge decreased from 
0.91 to 0.69 after 4 h. The cellular concentration of 5-phosphoribosyl 
1 -pyrophosphate increased from 180 to 290 microM due to sparing from 
pyrimidine nucleotide biosynthesis resulting in complementary stimulation 
of the de novo purine pathway. HDDP dimethyl ester at concentrations of 
up to 250 microM had no discernable effect upon pyrimidine or purine 
nucleotide biosynthesis. At 25 microM HDDP-dimethyl ester, cells arrested 
in G2 + M phases initially, with accumulation of cells in G1/G0 at later 
times. These data suggest that the primary mechanisms of growth 
inhibition for TDHO and HDDP involve inhibition of cell cycle progression 
from late G2 or M phase to Gl phase and that blockade of the pyrimidine 
pathway by TDHO is a secondary effect found at higher concentrations. 
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SOURCE: Journal of biological chemistry, (1980 Apr 25) 

255 (8) 3358-70. 
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AB We have studied factors affecting the catalytic activity of 

dihydroorotase (EC 3.5.2.3), purified as part of a multienzymatic 
protein which contains carbamyl phosphate synthetase, aspartate 
transcarbamylase, and dihydroorotase (ME pyrl-3) and which 
initiates de novo pyrimidine biosynthesis in mouse Ehrlich ascites 
carcinoma. The apparent Km value for N-carbamyl-L-aspartate increases by 
2 orders of magnitude as the pH increases from 7.0 to 8.3, consistent with 



equilibration of dihydroorotase (E) between four states of 
protonation (E in equilibrium EH in equilibrium EH2 equilibrium EH3) , 
where EH 3 is the only catalytically active form of dihydroorotase 
for the biosynthetic reaction, having a Km for N-carbamyl-L-aspartate of 
30 micro M . The apparent Km for L-dihydroorotate shows a converse 
dependence upon pH, remaining relatively constant at alkaline pH and 
increasing progressively as the pH is decreased below 7.0. These data are 
consistent with the above model if E and EH are catalytically active for 
the degradative reaction, both having Km values of 4.4 micro M for 
L-5, 6 -dihydroorotate. The D isomers of carbamylaspartate and 
dihydroorotate are also substrates for dihydroorotase. At pH 
7.33, the apparent Km values for N-carbamyl-L -aspartate and 
N-carbamyl-D-aspartate are 247 and 204 micro M, respectively, but the Vmax 
for N-carbamyl-D-aspartate is only 1.7% of that obtained with 
N-carbamyl-L-aspartate. Orotate and a series of 5-substituted derivatives 
are competitive inhibitors of dihydroorotase. At pH 
7.27, the apparent Ki for orotate using N-carbamyl-L-aspartate as 
substrate is 170 micro M and with L-5 , 6 -dihydroorotate as substrate, the 
apparent Ki value is 9.6 micro M, suggesting that the enzyme exists in 
different forms in the presence of each substrate. Dihydroorotase 
is inhibited in a time -dependent manner by 50 mM L-cysteine and the 
presence of N-carbamyl-L-aspartate or L-5 , 6 -dihydroorotate protects 
against this ultimately complete inactivation. 2 -Mercaptoacetate , 
2-mercaptoethylamine, 3 -mercaptopropionate, and L-2, 3-diaminopropionate 
have a similar although less potent inhibitory effect. To 
account for the data obtained, we propose a model for the equilibria 
existing between various protonated forms of dihydroorotase 
which is consistent with the pH dependencies of the apparent Km values 
observed and the Vmax values observed previously (Christopherson, R.I., 
and Jones, M.E. (1979) J. Biol. Chem. 254, 12506-12512) . In addition, a 
catalytic mechanism is presented for the interconversion of 
N-carbamyl-L-aspartate and L-5 , 6 -dihydroorotate . 
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TI Identification of the binding site for the allosteric inactivator UTP in 

mammalian CPS II. 
AU Zhu L M; Carrey E A 
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SO Biochemical Society transactions, (1995 Nov) 23 (4) 620S. 

Journal code: 7506897. ISSN: 0300-5127. 
CY ENGLAND: United Kingdom 
DT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 199607 

ED Entered STN: 19960808 

Last Updated on STN: 19980206 
Entered Medline: 19960730 



=> d 15 24 ab 

L5 ANSWER 24 OF 78 MEDLINE on STN 

AB The pathway of de novo pyrimidine biosynthesis in the rodent parasitic 

protozoa Babesia rodhaini has been investigated. Specific activities of 
five of the six enzymes of the pathway were determined: aspartate 
transcarbamylase (ATCase : E.C. 2.1.3.2); dihydroorotase (DHOase: 
E.C. 3.5.2.3); dihydroorotate dehydrogenase (DHO-DHase: E.C. 1.3.3.1); 
orotate phosphoribosyltransf erase (OPRTase: E.C. 2.4.2.10); and 
orotidine-5 • -phosphate decarboxylase (ODCase: E.C. 4.1.1.23). Michaelis 
constants for ATCase, DHO-DHase, OPRTase, and ODCase were determined in 
whole homogenates. Several substrate analogs were also investigated as 
inhibitors and inhibitor constants determined. 

N- (phosphonacetyl) -L-aspartate was shown to be an inhibitor of 
the ATCase with an apparent Ki of 7 microM. Dihydro-5-azaorotate 
inhibited the DHO-DHase (Ki, 16 microM) and 5-azaorotate (Ki, 21 microM) 
was an inhibitor of the OPRTase. The UMP analog, 6-aza-UMP (Ki, 
0.3 microM) was a potent inhibitor of ODCase, while lower levels 
of inhibition were found with the product, UMP (Ki, 120 microM) and the 
purine nucleotide, XMP (Ki, 95 microM) . Additionally, menoctone, a 
ubiquinone analog, was shown to inhibit DHO-DHase. 
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TI Identification of the ATP binding sites of the carbamyl phosphate 

synthetase domain of the Syrian hamster multifunctional protein CAD by 
affinity labeling with 5 ' - [p- (f luorosulf onyl) benzoyl] adenosine . 

AU Kim H S; Lee L; Evans D R 

CS Department of Biochemistry, Wayne State University School of Medicine, 

Detroit, Michigan 48201. 
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TI Synthesis and exchange reactions of 5-alkyl-2-oxo-6-thioxo-l, 2, 3 , 6- 

hexahydropyrimidine-4-carboxylic acids 
AU Batty, Craig A.; Manthey, Michael K. ; Kirk, Julie; Manthey, Monika; 

Christopherson, Richard I.; Hambley, Trevor 
CS Department of Biochemistry, University of Sydney, Sydney, NSW 2006, 
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SO Journal of Heterocyclic Chemistry (1997), 34(4), 1355-1367 
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TI Analysis of CAD gene amplification using molecular cloning, gene transfer, 
and cytogenetics 

AU Wahl, Geoffrey M.; Allen, Virginia; Delbrueck, Suzanne; Eckhart, Walter; 

Meinkoth, Judy; Padgett, Rick; De Saint Vincent, Bruno Robert; Rubnitz, 
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INHIBITORS OF DIHYDROOROTASE DHO. 
AU KINDER D H [Reprint author] ; FRANK S K; AMES M M 
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SO Proceedings of the American Association for Cancer Research Annual 

Meeting, (1987) Vol. 28, pp. 329. 
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TI An E-box-mediated increase in cad transcription at the Gl/S -phase boundary 

is suppressed by inhibitory c-Myc mutants. 
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TI DNA topoisomerase II inhibition and gene amplification in V79/B7 cells. 
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TI Overproduction of the first three enzymes of pyrimidine nucleotide 
biosynthesis in Drosophila cells resistant to N-phosphonacetyl-L- 
aspartate . 

AU Laval M; Azou Y; Giorgi D; Rosset R 

SO Experimental cell research, (1986 Apr) 163 (2) 381-95. 
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TI Enzymes of the de novo pyrimidine biosynthetic pathway in Toxoplasma 
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AB An improved prepn. of 2 -oxo-6-thioxo-l , 2 , 3 , 6-hexahydropyrimidine-4 - 



carboxylic acid (I) , a potent inhibitor of 
dihydroorotase is presented. Trans-5-alkyl-2 -oxo-6- 

thioxohexahydropyrimidine-4-carboxylic acids II (R = Me, Et, n-Pr) were 
synthesized via the thiation of the p-methoxybenzyl esters of 
5-alkyldihydroorotic acids with Lawesson's reagent followed by subsequent 
de -protection . The corresponding cis isomers were prepd. by redn. of 
5-alkyl-6-thioxoorotic acids with zinc in acetic acid. The stability and 
exchange reactions of II under physiol. conditions were investigated by UV 
and 1H NMR spectroscopy. The attempted synthesis of 

diazabicyclononanecarboxylic acid III, a fused cyclopentyl deriv. of I is 
also presented. 
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The complete genome sequence of the gram-positive 
bacterium Bacillus subtilis 

Kunst, F.; Ogasawara, N. ; Moszer, I.; Albertini, A. 
M.; Alloni, G. ; Azevedo, V.; Bertero, M. G. ; 
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SOURCE : 

PUBLISHER: 
DOCUMENT TYPE: 
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Bessieres, P.; Bolotin, 
Boursier, L.; Brans, A. 
Bron, S.; Brouillet, S. 
Capuano , V . 



A.; Bor chert, S.; Borriss, R. ; 
Braun, M.; Brignell, S. C; 
Bruschi, C. V.; Caldwell, B.; 
Carter, N. M.; Choi, S.-K.; Codani, 
J. -J.; Connerton, I. F.; Cummings, N. J.; Daniel, R. 
A.; Denizot, F. ; Devine, K. M. ; Dusterhoft, A.; 
Ehrlich, S. D.; Emmerson, P. T. ; Entian, K. D.; 
Errington, J.; Fabret, C; Ferrari, E.; Foulger, D.; 
Fritz, C; Fujita, M. ; Fujita, Y.; Fuma, S.; Galizzi, 
A.; Galleron, N. ; Ghim, S.-Y.; Glaser, P.; Goffeau, 

A. ; Golightly, E. J.; Grandi, G.; Guiseppi, G. ; Guy, 

B. J.; Haga, K. ; et al . 

Unite de Biochemie Microbienne, Inst. Pasteur, Paris, 
75724, Fr. 

Nature (London) (1997), 390(6657), 249-256 
CODEN: NATUAS; ISSN: 0028-0836 
Macmillan Magazines 
Journal 
English 

Bacillus subtilis is the best-characterized member of the gram-pos . 
bacteria. Its genome of 4,214,810 base pairs comprises 4100 
protein-coding genes. Of these protein-coding genes, 53% are represented 
once, while a quarter of the genome corresponds to several gene families 
that have been greatly expanded by gene duplication, the largest family 
contg. 77 putative ATP-binding transport proteins. In addn., a large 
proportion of the genetic capacity is devoted to the utilization of a 
variety of carbon sources, including many plant-derived mols. 
The identification of 5 signal peptidase genes, as well as several genes 



for components of the secretion app., is important given the capacity of 
Bacillus strains to secrete large amts. of industrially important enzymes. 
Many of the genes are involved in the synthesis of secondary metabolites, 
including antibiotics, that are more typically assocd. with Streptomyces 
species. The genome contains .gtoreq.10 prophages or remnants of 
prophages, indicating that bacteriophage infection has played an important 
evolutionary role in horizontal gene transfer, in particular in the 
propagation of bacterial pathogenesis. 
REFERENCE COUNT: 4 9 THERE ARE 4 9 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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1 BIOTECHDS COPYRIGHT 2 005 THE THOMSON CORP. on STN 

2 001-08527 BIOTECHDS 

New DNA encoding plant dihydroorotase, 

for producing herbicide-resistant plants and for screening 
for compounds that can inhibit dihydroorotase and that can be 
used as herbicides; 

tobacco and Arabidopsis thaliana transgenic plant 
construction 

Lerchl J; Stitt N M; Zrenner R; Schroeder M 



Ehrhardt T; 
BASF 

Ludwigshaf en , Germany . 
WO 2001018190 15 Mar 2001 
WO 2000-EP8581 2 Sep 2000 
DE 1999-1042742 7 Sep 1999 
Patent 
German 

WPI: 2001-235198 [24] 
A DNA sequence (I) containing the coding region for a plant 
dihydroorotase (DHO, EC-3.5.2.3) with a DNA sequence (SI) of 
1,271 bp is claimed. Also claimed are: a DNA sequence that hybridizes to 
(SI) and encodes a protein with DHO activity; a protein containing 100 
amino acids from a 346 residue protein sequence; identifying substances 
that inhibit activity of DHO or act as herbicides by inhibition of DHO; 
and a test system based on expression of (SI) for identifying herbicidal 
inhibitors of DHA. In an example, a cDNA bank from potato was 
constructed in plasmid pBS-SK and tested in for complementation of the 
defect in Escherichia coli CGSC5152 which lacks the DHO gene. The 
longest clone was sequenced (SI) which included a 1,049 bp open reading 
frame that encodes DHO. The gene was expressed in vector/host system as 
a fusion protein or introduced into plant transformation vectors. A 
sequence of 1,962 bp was isolated from tobacco (Nicotiana tabacum) cDNA 
bank by using a DNA probes encoding DHO in Arabidopsis thaliana. The 
above can be used to produce DHO and to produce plants with increased 
resistance to DHO-inactivating herbicides. (38pp) 
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Dihydropyrimidine amidohydrolases and dihydroorotases share 
the same origin and several enzymatic properties. 
Gojkovic Zoran; Rislund Lise; Andersen Birgit; Sandrini 
Michael P B; Cook Paul F; Schnackerz Klaus D; Piskur Jure 
Eukaryote Molecular Biology, BioCentrum-DTU, Technical 
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Entered Medline: 20030328 
Slime mold, plant and insect dihydropyrimidine amidohydrolases (DHPases, 
EC 3.5.2.2), which catalyze the second step of pyrimidine and several 
ant i -cancer drug degradations, were cloned and shown to functionally 
replace a defective DHPase enzyme in the yeast Saccharomyces kluyveri . 
The yeast and slime mold DHPases were over -expressed, shown to contain two 
zinc ions, characterized for their properties and compared to those of the 
calf liver enzyme. In general, the kinetic parameters varied widely among 
the enzymes, the mammalian DHPase having the highest catalytic efficiency. 
The ring opening was catalyzed most efficiently at pH 8.0 and 
competitively inhibited by the reaction product, N-carbamyl-beta-alanine . 
At lower pH values DHPases catalyzed the reverse reaction, the closing of 
the ring. Apparently, eukaryote DHPases are enzymatically as well as 
phylogenetically related to the de novo biosynthetic 
dihydroorotase (DHOase) enzymes. Modeling studies showed that the 
position of the catalytically critical amino acid residues of bacterial 
DHOases and eukaryote DHPases overlap. Therefore, only a few 
modifications might have been necessary during evolution to convert the 
unspecialized enzyme into anabolic and catabolic ones. 
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AB The present invention relates to isolated genes originating from Beta 

vulgaris, sugar beet, that are involved in responses to stress situations 
The genes were isolated from a sugar beet cDNA library screened in a 
functional selection procedure with transformed yeast cells that were abl 
to grow in selection medium with high salt concns . Subsequently these 
genes were sequenced and further characterized. One of the genes is a 
sugar beet casein kinase . alpha . -subunit (BvCK2A) , one is a sugar beet 
dihydroorotase (BvDHO) , one is a sugar beet translation initiation 
factor 1A (BvelF-lA) and two others are of a unknown protein type (Bvl2 0 
and Bv20Li) . The expression level of BvCK2A gene was enhanced under salt 
stress condition and the transgenic rice and Arabidopsis 
expressing BvCK2A exhibited resistance to salt. All of these isolated 
plant genes were functional as stress tolerance enhancers in yeast cells 
and are therefore useful to confer stress tolerance to an organism when 
transfected herein. More particularly, these genes can be used to render 
crops resistant to stress situations like osmotic stress caused by salt, 
drought, cold or frost. 
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APPLN. 


INFO, 














DE 1999- 


19939688 




A 19990820 



AB The invention relates to a method of producing plants with an increased 
polysaccharide content that are obtained by overexpressing a gene of the 



pyrimidine metab. such as dihydroorotase . Thus, potato, 

tobacco, and Arabidopsis thaliana expressing, from the 35S 

promoter, a chimeric gene encoding tobacco transketolase transit peptide 

fused to potato dihydroorotase were prepd. These transgenic 

plants exhibited increased levels of uridine nucleotides and starch. 
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